Objective: Although deep vein thrombosis (DVT) followed by pulmonary thromboembolism (PE) is a critical complication during pregnancy, there have been few reports about its intrapartum management. We evaluated intrapartum management by using a temporary inferior vena cava filter (IVCF) in pregnant women with PE/DVT. Materials and Methods: Eleven women with PE/DVT during pregnancy between January 2004 and December 2016 were included. The patients were hospitalized for intravenous unfractionated heparin infusion after acute PE/DVT onset. Seven patients were discharged and continued treatment with subcutaneous injection of heparin at the outpatient unit. IVCF was implanted 1-3 days before delivery in 10 patients. Anticoagulant therapy was discontinued 6-12 h before delivery. We retrospectively analyzed rates of maternal or perinatal death, and recurrence of symptomatic PE/DVT.
Introduction
An association between pregnancy and venous thrombosis was reported in 1965. 1) Deep vein thrombosis (DVT) followed by pulmonary thromboembolism (PE) is a critical problem during pregnancy and has been reported to be one of the major causes of death in pregnant women. [2] [3] [4] During the perinatal period, DVT occurs because of (1) increased blood coagulation function, hypofibrinolysis, and platelet activation; (2) venous smooth muscle relaxation due to estrogen; (3) compression of the iliac vein and inferior vena cava by the gravid uterus; and (4) blood congestion following delivery or cesarean section, injury due to delivery or cesarean, and postpartum recuperation in bed. 5) Pregnant females have a 4-to 5-fold higher risk of PE/DVT than that of non-pregnant women of the same age. 6) It has been reported that PE/DVT during the perinatal period in Japan has increased 6.5 times in the last decade. 7) The incidence of PE/DVT at 1.2/1,000 deliveries is higher after delivery than during pregnancy and appears to increase with age. 8) Mortality from PE/DVT associated with pregnancy has been reported to be 0%-1.91%. 8) 
Treatment Outcomes for PE/DVT during Pregnancy
Although the risk of thrombotic events in pregnancy is relatively low, the severity of the condition and its adverse effect on the health of women and outcomes of pregnancy is enormous. 9) However, the choice of treatment options for PE/DVT in pregnancy is limited, and the treatment is controversial. 10) We believe it is necessary to consider perinatal management of patients who develop venous thromboembolism (VTE) during pregnancy. The purpose of this study was to evaluate intrapartum management by using an inferior vena cava filter (IVCF) in pregnant women with PE/DVT.
Materials and Methods

Patient population
A total of 15,560 pregnant women gave birth at our hospital between January 2004 and December 2016. A series of 11 pregnant women who developed symptomatic PE/DVT during pregnancy were included in this study. These patients were diagnosed as having venous thrombosis from computed tomography (CT) scan images or ultrasound images of veins of the lower extremities. In cases with only lower limb symptoms, contrast CT was not performed if electrocardiography and echocardiography showed no right heart overload. The onset was defined as early (before 16-weeks of pregnancy), mid (from 16th to 27th week of pregnancy), and late (28th week of pregnancy or later) pregnancy. For the treatment of acute thrombosis, all patients were hospitalized and received intravenous infusion of unfractionated heparin, with the goal of achieving an activated partial thromboplastin time (aPTT) of 1.5 to 2 times above normal (26-36 seconds). Treatment was administered on the basis of the clinical symptoms, D-dimer level (within normal limits of 0.5 µg/mL), and echocardiography of the veins of lower extremities. Patients who were on ambulatory treatment and discharged were shifted to subcutaneous administration of heparin. Patients recruited before January 2012 could not perform self-injection of subcutaneous heparin, so it was administered at the hospital once a day. After January 2012, for patients covered by health insurance, subcutaneous self-injection was administered twice a day. Anticoagulation therapy was planned to be discontinued 6-12 h before the expected delivery. Patients who underwent heparin therapy in the outpatient unit were hospitalized 3-4 days before the expected due date. An IVCF was inserted 1-2 days before the expected delivery. The IVCF (New House Protect, Toray, Ltd., Chiba, Japan) was used. A method of childbirth (transvaginal or cesarean) was chosen on the basis of the obstetrical indication at the discretion of the obstetrician. After no bleeding complications were confirmed, heparin was resumed and replaced by warfarin. IVCF was removed when anticoagulation therapy was resumed, and the patient was able to leave the bed.
Follow-up
We retrospectively analyzed rates of maternal or perinatal death and recurrence of symptomatic PE/DVT.
Statistical analysis
All continuous variables are presented as means±standard deviations (SDs), and dichotomous data are shown as percentages. Statistical analysis was performed by using Microsoft Excel statistics software, ver. 2012.
Ethics
This study conformed to the ethical principles of the Declaration of Helsinki. The requirement for informed consent was waived because all data were cataloged anonymously. The institutional review board of the Japanese Red Cross Musashino Hospital approved the study s protocol. The information disclosure document associated with this study is available on the hospital s website. Patients were notified about their participation in the study and informed that they were free to opt out of study participation at any time.
Results
Demographic and clinical data of the subjects are shown in Table 1 . One (9.1%) patient (case 4) had a thrombotic risk factor caused by antiphospholipid antibody syndrome (Tables 2-4). PE was diagnosed in one patient with a complaint of dyspnea who was subjected to contrast-enhanced CT following a right heart overload visible on electrocardiography and echocardiography. For other cases, throm- Table 2 shows the data of patients with venous thrombosis, which was diagnosed during early, mid, and late pregnancy in two, four, and five patients, respectively. Eight women were primiparas, and none of the pregnant women had a history of PE/DVT. DVT was found on the left side in nine (81.8%) patients, and D-dimer was elevated in all patients. Table 3 shows the patients treatment course before delivery. For the treatment of acute thrombosis, all patients were hospitalized and received intravenous infusion of unfractionated heparin. Of the patients who developed PE/DVT during late pregnancy, four patients (cases 3, 5, 8, and 9) continued hospitalization until childbirth for intravenous infusion of unfractionated heparin. Other patients were hospitalized during the acute phase for intravenous heparin administration and subsequently discharged with a recommendation for subcutaneous administration of heparin. Five patients (cases 1, 2, 4, 6, and 7) were unable to self-administer subcutaneous heparin and visited the hospital once a day for the same. Two patients (cases 10 and 11) self-administered subcutaneous heparin after discharge. The time in the therapeutic range of heparin between the diagnosis of venous thrombosis and delivery was <50% in nine (81.8%) patients. aPTT level just before delivery was either at the target value or less.
For D-dimer level just before delivery, only one patient (case 2) maintained the same level as that recorded during onset, whereas the others showed levels lower than the previous level. However, overall, the levels of all patients were higher than normal. Five patients underwent echosonography of the veins of the lower extremities before delivery, and it was seen that the thrombus remained in the proximal deep vein. Table 4 shows the treatment course data in the periand postnatal periods. The route of delivery was cesarean section (n=6) or vaginal delivery (n=5). Although it was planned to implant IVCF in all patients, it could not be inserted in one patient in whom labor had already started (case 1). One patient who developed PE (case 7) was implanted with IVCF in the acute phase. In nine patients, the IVCF was inserted 0-3 days before the expected due date. All patients receiving placement of an IVCF underwent suprarenal implantation. Anticoagulant therapy was resumed 1 to 4 days after delivery, and IVCF was removed 1 to 5 days after delivery (mean, 2.9 days). At the time of IVCF removal, nine (90.0%) patients had a captured thrombus. The captured thrombi of four patients (cases 4, 6, 7, and 11) were >1 cm in diameter.
Complications associated with IVCF were not observed. There was no maternal or perinatal death, and the recurrence of symptomatic PE/DVT was associated with short-term discontinuation of anticoagulant therapy and use of IVCF. One patient had a systolic blood pressure of 60 mmHg, developed hemorrhagic shock due to delivery, and required emergency transfusion. All patients resumed treatment with heparin and then switched to warfarin after delivery. Three patients discontinued taking warfarin within 3 months, three within 1 year, and five took warfarin for >1 year; no complications were reported for any of the patients.
Discussion Anticoagulation for VTE related to pregnancy
Anticoagulant therapy is the gold standard for venous thrombosis. However, warfarin is known to cross the placenta and there are reports of chondrodysplasia, such as dyschondroplasia, nervous system abnormalities, and death associated with bleeding tendency in fetuses. 11) Recently, the benefits direct oral anticoagulants (DOACs) for venous thrombosis have been reported. 12) However, although placental transfer of DOACs has been found, their safety has not been established. Consequently, treatment with heparin is primarily provided for pregnant women who develop PE/DVT. Low-molecular-weight heparin is the preferred therapy for acute VTE that occurs during pregnancy. 13) However, its use is not permitted in Japan. Therefore, administration of unfractionated heparin is the standard therapy for VTE that occurs during pregnancy. However, it is difficult to continue effective anticoagulation therapy. During pregnancy because heparin metabolism can change, heparin blood levels can be low, and its duration of action may decrease, with subsequent dose adjustments becoming more difficult than usual. 14) It has been reported that the size of the thrombus increased even after the use of heparin. 15) In our results, the aPTT value just before delivery was in the normal range or less in all patients. In addition, anticoagulant therapy must be discontinued despite the high risk of thrombosis at delivery. The use of heparin at delivery is risky because of bleeding at birth. According to a report by Patterson et al., the incidence of blood transfusion during pregnancy was 1.4%, of which ≥90% was during the delivery. 16) According to the Perinatal Committee of the Japan Society of Obstetrics and Gynecology in 2008, 90% of intrapartum bleeding occurs in vaginal deliveries (800 mL) and in cesarean section (1,500 mL; includes amniotic fluid). In our study, anticoagulation therapy was discontinued, but hemorrhagic shock was observed.
Difficulty in diagnosis of PE/DVT related to pregnancy
Many of the typical signs and symptoms of PE/DVT are the same as symptoms of normal pregnancy. 17) The D-dimer level is not an exclusion criterion for the diagnosis of DVT during pregnancy and postpartum period. [18] [19] [20] In addition, there is a risk of CT radiation to the fetus depending on the stage of pregnancy and absorbed dose. The highest radiation risk occurs during organogenesis and early fetal stage before gradually decreasing during the second trimester, with the third trimester having the lowest risk. However, it should be avoided, if possible. 17) No safety of contrast media for fetuses has been established. Therefore, for an imaging study, echosonography of the veins of the lower extremities is the first choice.
Advantage of IVCF
Considering IVCF use in pregnant rather than in nonpregnant patients is necessary because of the difficulty in evaluating symptoms or D-dimer, restrictions on imaging diagnosis, limitations of anticoagulant drugs, difficulty in controlling heparin, and the necessity of stopping anticoagulant therapy at delivery and the tendency for coagulation.
There is no difference in the indication for IVCF during pregnancy or non-pregnancy, and the complication rates are also identical. 21) However, as mentioned above, the treatment of thrombus for pregnant women is more difficult than in normal cases. The inferior vena cava and the iliac veins cannot be clearly observed on echocardiography of the lower extremities because the field in front of the veins is obstructed by the fetus, which makes it difficult to locate any residual thrombus in the pelvis. 22) Additionally, it is commonly thought that thrombi are found only in the pelvis during pregnancy. 23) Because compression of the inferior vena cava is released after delivery, there is a concern about the possible movement of large thromboembolism from the pelvis to the lungs. A randomization study to verify the usefulness of IVCF is ethically challenging, and it is difficult to reliably confirm that IVCF is unnecessary because of the circumstances explained above. Thromboembolism has a major influence on the health of women, and the outcomes of pregnancy can be alarming. There is no certainty that the childbirth will occur as planned, and the period of interruption of anticoagulant therapy might increase because of bleeding. Our study also showed that the interruption period of anticoagulation therapy was long in patients who bled heavily (case 11). Therefore, considering that the highest risk occurs during delivery, it is necessary to consider IVCF use according to each individual case. The rate of thrombus capture of 90.0% in our study is higher than that in previous studies 12.1%-16%, 24, 25) anticoagulant therapy interruption may be affected. Among complications, there are reports of venous injury due to the filter and failure to retrieve the filter. 21) In this study, the IVCF (New House Protect) was used. The basket is made from Teflon , a soft material, which is less likely to damage the vein. It has been reported that 11.25% of filters could not be retrieved. 26) However, this filter is placed continuously outside the body, and hence, is not difficult to retrieve; we have observed 100% retrieval rates at our institution. 27) The filter was inserted suprarenally in all patients because infrarenal insertion was not possible because of the presence of the fetus. Both suprarenal and infrarenal positions are acceptable, although there are more theoretical benefits of suprarenal placement. 21) 
Limitations
This was a retrospective study performed in a single institution, and the number of patients was small. A study with a larger number of patients from different institutions is necessary. In addition, adequate anticoagulant therapy was not provided to the patients before subcutaneous self-injection of heparin was approved for reimbursement.
Conclusion
In women diagnosed as having venous thrombosis during pregnancy and treated with anticoagulant therapy and temporary IVCF implantation, there was no maternal or perinatal death and no recurrence of symptomatic PE/DVT.
